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Mechanical and Loading Data

APPENDIX B
MECHANICAL AND LOADING DATA FOR CONDUCTORS

The tables Jnc]uded in Appendlx B contaln mechanical data.
for conductors commonly used in supply and communication.
lines. The ultimate strengths and other data for copper, steel.
and iron wires are those contained in specifications of the Amer-
ican Society for Testing Materials: or are.ultimate strengths.

based upon such specifications. For other types and kinds of™

conductors the ultimate strengths and other data used have been
taken from manufacturers’ speclﬁcatlons _

The requirements of Rule 43 were used to caleulate the
loaded conductor condxtxons

Table No. - A
17 Copper Wire—Bare—Solid
18 Copper Wiré—-Barc—Stranded and Solid

19 Copper ere—-—Double Brald Weatherproof——
Stranded and Solid

20 Copper W’xre—Tane Brald \Veatherproof——-
) Stranded and Solid -

21. .Gahamzed Steel a.nd Iron ’\Vzre—Bare——Sohd

22 quper covered Steel—-Strand, Solid and Com-
posite

23 Aluminum Cable Steel Reinforced—?Bare
24  Galvanized Steel Strand

17
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| TABLE 17
COPPER WIRE—BARE~80LID—CHARACTERISTICS AND LOADING

=

Charsateristics of conductor Loading per linear foot of conduetor, pounds
Gage pumber Ultimate ;:l&ilde. streogth, Light loading district Heavy loading district
) : . | Horisogtal -
Diameter, Ares, . Horisontal . load, wind
inoh uare inch X Verticalload, | load, wind Verticalload, | orpt
wa | s T || el | el | R || |
oonduotor inoh of 106 |1 inoh of joe
................. 0.165 {0.02138 1,326 | 1,078 | 0.0825 | 0.1100 | 0.137 | 0.4960 | 0.5825 0.765
......... 9 144 | 01629 | 1,026 | 832 | .0628 | .0960 115 | .4632 | .5720 .736
................. 134 | .01410 894 720 | .0544 | .0893 .105 | .4486 | .5670 .723
......... 10 .128 | .01287 820 662 | .0496 { .0853 .099 | .4401 | .5640 715
* R O .1144 | .01028 661 532 | .0396 | .0763 .086 | .4216 | .5572 .699
................. 114 | .01021 656 528 | .0394 | .0760 .086 | .4212 | .5570 .698
......... 12 . .104 | .00850 551 440 | .0327 | .0693 .077 | .4083 | .5520 .687
12 ... .0808 | .00513 337 271 ] .0198 | .0539 .057 | .3809 [ .5404 .661
......... 14 .080 | .00503 330 265 | .0194 | .0533 .057 | .3800 | .5400 .660

* Mioimum ultimate strengths of ASTM BpeciBication, B 1-30. . .
** Minimum uitimate strengths of ASTM Bpecification, B 2-39, plus }{ the dilffecence between minimum and maximum.
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TABLE 18
CQPPER WIRE—BARE-—STRANDED AND SOLID—CHARACTERISTICS AND LOADING
- Characteristics of conductor Loading per linear foot of conductor, pounds
8; s Com(m ;drel Ultimate ml:l'm“w' Light losding distriot Heavy l.o:du:z district
or Wil:Q. | Diameter, Area, square Vertical Horizontalload, Vertical Horizontallosd,
oir mils ) : ineh ineh jum oad, wind o a A wind of 8 Iba. u
wAWG | Num- | Digagtr et | U | i |Seragiben| P! i pen om0
34 ioeh of jee
500,000 | 37 | 0.1162 | 0.813 {0.3927 |22,5610 |18,726 1.544 1 0.5420 | 1.636 | 2.3604 { 0.9065 | 2.528
350,000 | 19 | .1357 | .679 | .2749 15,500 {13,024 1.081 4523 | 1.172 | 1.8141 .8395 | 1.998
250,000 | 19 .1147 574 | .1964 [11,365| 9,366 | 0.7719 .3827 | 0.862 | 1.4397 .7870 | 1.641
0000 | 7 .1739 .527 | .1662 9,154 | 7,772 .6533 .3514 .742 § 1.2919 L7635 | 1.500
000 | 7] .1548 .464 .1318 | 7,366 | 6,204 .5181 .3093 | .604 | 1.1175 .7320 | 1.334
00| 7¢{ .1379 414 | (1045 5925 | 4,952 | .4109 .2760 .495 | 0.9792 .7070 | 1.208
0} 71 .1228 .368 | .0829 | 4,753 | 3,953 .3258 .2453 .408 .8655 .6840 { 1.103
1| 71 .1093 .328 | .0657 3,802 | 3,154 .2584 .2187 .338 | .7733 .6640 | 1.019
21 7| .0974 .292 | .0521 3,042 | 2,517 .2049 . 1947 .283 .6974 .6460 { 0.950
21 3 . 1487 .320 | .0521 2,013 | 2,453 .2029 | .2133 294 L7128 .6600 971
4| 7| .0772 | .232 | .0328 1,940 | 1,604 L1289 . 1547 .201 .5841 .6160 | .849
4. 3| .1180 | .254 | .0328 1,879 | 1,564 | .1276 .1693 .212 -5964 .6270 | .865
41 11 - .2043 | .03278 | 1,970 | 1,642 .1264 .1360 .185 | .5641 .6020 .825
61 3| .0935| .201 .0206 1,204 995 .0825 .1340 157 | .5184 .6005 .793
6| 1 .1620 | .02062 | 1,280 | 1,046 .0795 .1080 .134 .4911 5810 { .759
8 1 .1285 | .01297 826 667 | .0500 .0853 .099 .4406 .5640 | .716

* Minimum ultimate strengihs of ABSTM Bpecifications, B 1-3

% Forstranded
wolid

mdmt. misimum ultimste

 conductors, 90% minimum ultimate ltreuths ol ASTM Bpeciﬁationn. B ND.
Mh o(

ABTM Bpemﬁntlonl. B 239, plus 3? of the diff

gun ¥ of the difference between nmmm nd $0% of minimum ASTM values; for

tween minimum nd matimum
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TABLE 19
COPPER WIRE—STRANDED AND SOLID—DOUBLE BRAID WEATHERPROOF—CHARACTERISTICS AND LOADING

Characteristics of conductor l Loading per linear foot of conductor, pounds
Component wires Ultimate tensile strength, Light loading district Heavy loading district
ize of cable (strands) Diameter : pounds

’ ,:-' wire, with A::eoav:rli;h:.m : Hovizon(alload.l o e IHqtizouulload.

L Y O - 8 - R R Koo L e o R ot B U
ber inch ' drawn®  (harddrawn** only ”"c::duc"o?" 03 L inch of ice c?mjuctor with[  '®

14ioeh of ice
1,000,000 | 61 | 0.1280 1.430 !0.7854+ 145,030 {37,210 | 3.456 | 0.9534 3.585 | 4.6561 | 1.2150 | 4.812
750,000 | 61 .1109 1.195 | .5890 |34,090 {28,272 | 2.635 .7967 | 2.753 | 3.6890 | 1.0975 | 3.849
500,000 | 37 .1162 1.081 | .3927 {22,510 [18,726 | 1.765 L7207 1.906 | 2.7481 | 1.0405 | 2.938
350,000 | 19 .1357 1 0.867 ! .2749 }15,590 13,024 | 1.248 .9780 1.375 | 2.0980 | 0.9335 | 2.296
250,000 | 19 | .1147 740 ) (1964 (11,365 | 9,366 | 0.9070 .4934 1:032 | 1.6780 .8700 | 1.890
0000 | 7 L1739 .685 | .1662 | 9,154 | 7,772 .7450 4567 0.874 | 1.4818 .8425 | 1.704
000 7 .1548 .640 | .1318 7,366 | 6,204 .6040 4267 .740 | 1.3128 | .8200 | 1.548
00| 7 L1379 .560 | . 1045 5,925 | 4,952 .4820 | .3734 .610 | 1.1411 .7800 | 1.382
0| T4 .1228 .546 | .0829 4,753 | 3,063 .38380 .3640 .032 | 1.0384 L7730 | 1.294
1l 71 [1003| 445 .1657 | 3,802 | 3,154 | .3030 | .2067 | .424 | 0.8906 | .7225 | 1.147
21 7 .0974 415 | .0521 | 3,042 | 2,517 .2460 L2767 .370 8149 | .7075 | 1.079
41 7 L0772 .344 | .0328 1,940 | 1,604 | .1550 .2293 277 1 .6798 | .6720 | 0.956
4 1 ‘ .337 | .03278 | 1,970 | 1,642 L1535 | .2247 272 .6739 | .6685 L9149
6] 1 .290 | .0206 1,280 | 1,046 .1030 .1933 .219 .5942 .6450 877
81 1 .246 1 .01297 826 | 667 .0680 .1640 .178 .5319 .6230 .819

* Minimum ultimate strengths of ASTM Specifications, B 1-39.
* For stranded ~onductors, 905 minimum ultimate strengths of ASTM Specifications, B 2-39, plus I{ of the difference belween mazimum and 905 of minimum ASTM values; for
solid oonductors, minunem ultimate «trrnaths of ASTM Specifications, B 2-39, plus 1{ of the difference bet ween minimum and mazimum.
**¢ Average outside diztiels r v, ¢ 1ot commercially.

DD Ouwpporf puv Joorumyodjy
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TABLE

20

COPPER WIRE—STRANDED AND SOLID—TRIPLE BRAID WEATHERPROOF—CHARACTERISTICS AND LOADING

Charscteristics of eonductor Loading per linear foot of conductor, pounds
‘ Com(goun::d: )vlru . Diimate p‘f,ﬁi'hi"""‘h' Light loading district Heavy loading district
Sise of cable - Diameter | 4,04 without :
cir iy Dis- “‘73?'.‘!: saonre b 4 diom | VEFuieal load, Feindoldlba| Resultang | Verticallod, EErriy Resultpat
LI N - date i) el gk VR i el "
1,000,000 | 61 | 0.1280 | 1.656 [0.7854 [45,030 |37,210 | 3.764 1.1041 3.836 | 5.0146 | 1.3280 | 5.188
750,000 | 61 L1109 | 1.380 | .5800 |[34,090 {28,272 | 2.822 | 0.9200 | 2.968 | 3.9910 | 1.1900 | 4.165
500,000 | 37 | .1162 | 1.250 | .3927 ({22,510 {18,726 | 1.894 .8334 2.069 | 2.9822 | 1.1250 | 3.187
350,000 19 .1357 1 1.000 | .2749 [15,590 {13,024 | 1.345 . 6667 1.501 | 2.2777 | 1.0000 | 2.488
250,000 | 19 J1147 1 0.850 | .1964 |11,365 | 9,366 | 0.9850 .5667 1.136°] 1.8244 | 0.9250 | 2.045
0000 | 7 .1739 [, .805 | .1662 9,164 | 7,772 .8000 . 0367 0.963 | 1.6114 | .9025 | 1.847
000} 7| .1548 .710 ] .1318 7,366 | 6,204 .6530 L4734 .807 | 1.4054 | .8550 | 1.645
00 7 .1379 .660 | .1045 5,925 | 4,952 .5220 4400 | © .683 | 1.2433 .8300 | 1.495
0 7 L1228 .610 | .0829 4,753 | 3,953 .4240 . 4067 .588 1 1.1142 .8050 | 1.375
1 7 L1093 ¢ .509 | .0657 3,802 | 3,154 .3280 .0394 A72 1 0.9554 | 7545 | 1.217
21 71 .0974 | .488 | .0521 3,042 { 2,517 .2700 .3253 .423 | .8843 .7440 | 1.156
4| 71 .0772 .390 | .0328 | 1,940 | 1,604 | .1700{ .2600 311 .7234 | .6650 | 1.003
4 1 : .387 | .03278 | 1,970 | 1,642 .1665 .2580 .307 L7180 .6935 | 0.998
6 1 .347 | .0206 1,280 | 1,046 .1136 .2313 .258 .6403 .6735 .029
8 1 .294 | .01297 8206 667 .0760 . 1960 .210 .5697 .6470 862

* Minimum ultimste strengths of ASTM Specifications, B 1-39.

*¢ For stranded conduttors, 90% minimum ultimate streogths of ASTM 8pecifications, B 2-39, plus 3 of the difference between maximum and 907 of minimun ASTM values; for solid
conductors, minimum ultiroate strengths of ASTM Specifcations, B 2-39, plus }{ of the diflercnice between minimum and matinum,

®s* Lverage outside diameter obtained commercially.

q .dd.v'.
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- TABLE 21

GALVANIZED STEEL AND IRON WIRE—BARE —SOLID—CHARACTERISTICS AND LOADING

Loading per linear foot of condustor, pounds

Characteriatios of sonductor *
Ultimate tensile strength, Light loading district ' Hesvy loadi-ng district
pounds® .
Bise of vnn. Diameter, | Area,s . Horisontalload, !ior;wgtdloud
L B I B3 ng oot | ooy | wndor B} Rendot ool b on | Rl

| grade gnde grade oaly conductor }iinchg co cgg i::;o;m:
4| 0.238 | 0.0445 2,028 2,270 | 2,433 .1530 (0.1587 0 220 | 0.6119 | 0.6190 0.870
6 .203 .0324 1,475 1,660 | 1, 770 L1120 | .1353 176 .5491 .6015 .814
8 .165 0214 975 1,090 1, 170 .0740 | .1100 .133 .4875 .5825 .760
9 .148 0172 785 880 942 .0600 { .09867 .116 .4629 .5740 737
10 .134 .0141 645 720 774 .0490 | .08934 .102 .4432 .5670 .720
11 .120 .0113 615 575 618 .0390 | .08000 .089 .4245 .5600 .703
12 .109 .0093 425 475 | = 510 .0320 | .07267 079 .4107 .5545 .690
14 .083 .0054 247 275 297 | .0190 | .05533 .058 .3815 .5415 .662

® All ultimats tensile strengths are from ASTM Specification A 111-33,

D)0 SuipvoT puov zbo;.uniloa]y
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COPPER COVERED 8TEEL~—STRAND, 8OLID AND 0‘0MPOS‘TE——CH’ARAOTEBISTICS. AND LOADING

TABLE 22 .

Characteristics of sonductor Loading per linear foot of condustor, pounds
Strands Uttimate tensile strength, pousds Light loading distriot Heary loading district

demeer dhaneier sducta, High strength Bt |yt [Horsootallond Vertinl  [Boriontalload,
insh g | 2 oquare ' o load, [ windof $1bx. | Remltant | lowd, wind of 8 1be- Repultant

No. | WG dom | dom | Cams | R Phetor | (4 ach ofoe gaducior Tt
1/2 | 7| 6]0.486 |0.1443 [15330 {16,890 | 20,460 |0.5150 |0.3240 0.608 | 1.1281 | 0.7430 | 1.351
7/16 | 71 7| .433 .1145 {12,670 | 13,910 | 16,890 | .4084 | .2887 | .500 | 0.9885 | .7165 | 1.221
3/8 71 8| .385 .0908 |10,460 | 11,440 | 13,800 | .3239 | .2567 | .413 | .8742 | .6925 ) 1.115
5/16 { 7110 | .306 .0571 | 7,121 | 7,758 | 9,196 | .2037 | .2040 | .288 | .7049 | .6530 | 0.961
3| 6| .349. .0618 | 6,204 | 6,835 | 8,281 | .2203 | .2327 | .320 | .7482 | .6745|1.007
3| 8| .277 .0389 | 4,232 | 4,629 | 5,621 | .1385 | .1847 | .231 | .6216 | .6385 | 0.891
31 9 .247 .0308 | 3,488 | 3,802 | 4,565 | .1099 | .1647 | .198 | .5744 | .6235 | .848
3110 .220 .0245 | 2,882 | 3,140 | 3,722 | .08713 | .1467 | .171 | .5348 | .6100 | .811
1{ 6| .1620 .0206 | 2,433 | 2,680 | 3,247 | .07285 | 1080 | .130 | .4844 | .5810 | .756
1| 8, .1285 .0130 | 1,660 | 1,815 | 2,204 | .04581 | .08567 | .097 | .4366 | .5642 | .713
11 91 .1144 .0103 | 1,368 | 1,491 .03633 | .07627 | .084 | .4183 | .5572 | .697
1110 .1019 .00816 | 1,130 | 1,231 .02881 | .06794 | .074 | .4031 | .5510 | .683
1112} .08081 | .00513 711 | 800 .01812 | .05388 | .057 | .3792 | .5404 | .660
3| *| .366 .0680 | 5876 | .2568 | .2440 | .354 | .7953 | .6830 | 1.048
3| * | .200 .0428 3,938 | .1615 | .1933 | .252 | .6527 | .6450 | 0.918
3 |***+ 1 .230 .0269 2,685 | .1016 | .1533 | .184 | .5855 | .6150 | .829

Norzs—Items marked with asterisks sre composite conductors of 1 copper covered steel and 2 hard drawn copper wires.

Copper ¢o

nductanee equivalents: *== No. 3 AWG, ** = No. 4 AWG, *** = No. 8 AWG.

g ddv
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TABLE 23 '
ALUMINUM CABLE STEEL REINFORCED—BARE—_CHARACTERISTICS AND LQAD!NC
Characteristies of Conductor Loadiog per linear Ioot of conducto_r. pounds
o Number of Light loading district Heavy loading qhtrict
ACS.R. eqﬁ;:'!-e-r.n - strands ) Ultimate : i
| it Dismec, | Ay | e |y ontlt, Vot [Ferntalon
:' An\"'c | milser Alumi- | W“'Ed" corl\?i‘udc'lor ;:l"ds;.‘!e.l::\. Rclsgllanl condtigtgr with| Per, 9. ft. on Rels::l:i‘m
AWG  Tpyg | Stee only conductor 34 inch of ice cf;;:f&”;f':;:
795,000 {500,000 | 30 | 19 1.140 | 0.7668 | 38,400 | 1.234 | 0.7600 1.449 2.2§3§ 1.0700 ggQﬁ
795,000 {500,000 | 26 7 1.108 | .7261 | 31,200 | 1.093 L7387 | 1.319 ] 2.0928 | 1.0540 2.343
795,000 1500000 | 54 | 7| 1.093 | .7053 | 28/500 | 1.023 | .7287 | 1.256 | 2.0135 | 1.0465 | 2.269
397,500 | 250,000 | 30 | 7 | 0.806 | .3850 | 19,080 | 0.6206 | .5374 | .821 | 1.4327 | 0.9030 | 1.694
397,500 250,000 26 | 7 .783 | .3630 | 16,190 .5464 .6220 L7506 | 1.3442 .8915 1.613
266,800 000 {261 7 642 } .2436 11,250 .3668 4280 .564 | 1.0769 .8210 1.351
0000 60 6 -1 .563 1939 8,420 .2921 3754 .476 | 0.9531 7815 1 ???
000 0] 6 1 .02 1538 6,675 .2316 .3347 .407 .8546 .7510 1.138
00 1 6 1 447 1219 ¢ 5,345 1837 .2980 .330 .7725 .7235 1.038
0 2| 6| 1| .308| .0967 | 4,280 | .1456 | .2653 | .303 | .7040 | .6990 | 0.992
2 41 7] 1 .325 .0653 3,525 1072 L2167 .242 .6202 6625 907
2 4 61 1 .316 0608 2,790 0916 L2107 .230 .5990 .6580 890
4 6 7| 1| .257| .0411| 2,288 | .0674 | .1713| .184 | .5381| .6285|  .827
4 6| 61 1 .250 0383 1,830 .0576 1667 .176 .5240 6250 .816
6 g8 6 1 .198 0240 1,170 0362 1320 137 4702 5990 .762

All data *‘Charscteristics of Conductor” from manufacturer specifications.

)
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App.B

Mechanical and Loading Data

TABLE 24

" MECHANICAL CHARACTERISTICS OF GALVANIZED
: STEEL STRAND

Ultimate tensile strength, pounds.
Diasmeter, Weight per 1,000
ine ft. in pounds | .
(pominal) (approx.) Common Sﬁl‘nreg: -!;ne::th E'x':n high
5/8 813 11,600 19,100 29,600 42,400
9/16 671 9,600 15,700 24,500 35,000
1/2 517 | 7400 12100| 18800 | 26,900
7/16 399 . 5,700 9,350 14,500 20,800
3/8 273 | 4250 | 6950 | 10800 | 15,400
5/16 205! 3200| 5350| 8000| 11,200
9/32 164 | 2570 | 4250 | 6,400 8,950
1/4 1211 1900{ 3150 4,750 6,650
3/16 73 1,150 1,900 2,850 3,990

Nore—All data from ASTM Bpecification A 12333 for 7 strand cable.
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Conductor Sags

APPENDIX O
CONDUCTOR SAGS

(a) Basis.of Sag Curves for Bnppfy Conductors

Data are presented in Appendix C in the form of curves in
Charts numbers 1 to 9 inclusive, showing conductor sags which
produce tensions that do not exceed either 35% of ultimate
strength of the conductor-at 60°F and no wind, or 50% of uiti-
mate -strength (safety factor of 2) of the conductor under the
maximum loading conditions specified for Light or Heavy Load-
ings in Rule 43. These sags are considered particularly ap-
plicable to the stringing. of new wire- (iLe. they should be con-
sidered initial sags for conductors which have not been pre-
stressed) and are not recommended in the case of used or so-
called. prestressed wire.

The.curves of the sag charts were drawn from computations
made under the following conditions:

1. Sag curves in the Light Loading charts are based on

35% of conductor ultimate tensions at 60°F and no wind.
2. Sag curves in the Heavy Loading charts show sags which -
will obtain at 60°F and no wind, in conductors which
are so strung that under heavy loading conditions the
conductor tension will be one-half of the ultimate tension.

3. The sag curves for weatherproof wire are for conductors

having a triple-braid-weatherproof covering.

4. Conductor dimensions, weights and loadings were taken

from the tables in Appendix B.
5. Modulus of Elasticity—Ilbs. per sq. in.

Copper e 17,000,000
Steel and iron, solid_._.__._.___ 29,000,000
Steel, stranded oo ___ 21,000,000

Copper-covered steel, solid..._24,000,000
Copper-covered steel, stranded_23,000,000
6. Coefficient of Linear Thermal Expansion—per degree F.

Copper . - -.0000094
Steel and IrOM el 0000065
Copper-covered steel __.___.___. 0000072

(b) Communication Conductor Sags

The safety factors of Rule 44 and the conductor sizes of
Rule 49.4 are the minimum requirements applicable to com-
munication conductors. Conductors having sags not less than
those specified in Table 25 will meet the minimum requirements
of these rules for Grade ‘‘F’’ construction. The sag values
given in Table 25 are greater than are required by the minimum

requirements, but are considered to be in accordance with good
practice. :
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App.C Conductor Sags

(c) Bags for Unequal 8pans, Level SBupports and Normal
Conditions

‘When a crossing span and its adjoining spans are of different
lengths it is not possible to string the conductors so as to make
both the normal tension and the loaded tension balance in the
several spans. This condition should be met by selecting a sag
for the longest span not less than that shown in the accompany-
ing curves, pages 299 to 304,inclusive.

The sags for the other spans should then be determined as.
follows: For each span multiply the sag for fhe longest span
by the square of the ratio of the length of the span under con-
sideration to that of the longest span. The total normal tension:
in each of the spans will then balance and the total tension under-
loaded conditions will be slightly less in the short spans than in-
" the longest span.

Example

Assume—A crossing span length of 250 feet—Heavy Load-

ing District.

Adjoining spans of 300 feet and 200 feet, respec--
tively.

Conductors No. 0, AWG copper, medium-hard--
drawn, stranded, bare.

Sag from curve on page 302, for a 300-foot span-
is 5.30 feet.

Making the sags in the other spans proportional to the
squares of their length, the sag in the 250-foot span will be,

(250)*

(300)* * 5.30—3.68 feet

The sag in the 200-foot span will be,
(200)*

'(—3—66—)'; x 5.30=2.36 feet

(d) S8ag Correction for Temperature

The curves, on page 305, cover the correction of sags for
stringing temperatures other than that for which the sag-
curves were calculated. These figures cover the normal range-
of stringing conditions for temperatures at time of string-
ing, varying between 0°F and 130°F, and for spans of from 100
feet to 1000 feet, inclusive, in 100-foot steps, with the exception
that the 150-foot span has also been included. They represent-
average values for each degree F. difference between actual
stringing temperature and the temperature for which the curves:
were calculated, that is 60°F. The corrections for temperatures
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Conducior Sags App.C

greater than 60°F are to be added to the normal sags while the
corrections for temperatures less than 60°F are to be subtracted.
The correction for a given difference of temperature from the
base value is considered the same whether the stringing tempera-
ture is greater or less than the base value.

The use of these corrections may be 1llustrated by assummg
a.specific case:

Example
Assume—A span of 300 feet—Heavy Loading District.
Conductors No. 0, AWG copper, medium-hard-
- drawn, stranded,- bare.
Stringing temperature 80°F.
Minimum normal sag, page 302, is 5.30 feet.

Difference between stringing temperature and
normal temperature is 20°F,

The ratio for sag divided by span is 0.0177. From the
curve on page 305, the correction per degree F' for this ratio
for a span of 300 feet is 0.024 feet.

The total correction for 20°F difference is,

20 x 0.024—=0.48 feet

Then the corrected sag is 5.304-0.48 equals 5.78 feet.

If some other span than those covered by specific curves is
used the correction may be obtained by interpolation between
curves.

(e) Sags for Supports at Different Elevations

The sag curves have been based on the supports being at
the same elevation. The curve on page 306 covers the correction
of the sag to care for the difference of elevation of supports.

The use of this correction may best be illustrated by taking
a concrete case:

Example
Assume—A span of 300 feet—Heavy Loading District.

A difference in level of supports of 5 feet.

' Conductors No. 0, AWG copper, medium-hard-
. drawn, stranded bare.

The curve, page 302, requires a sag of 5.30 feet.

The ratio of difference in level of supports divided by the
sag is 5.0 divided by 5.30 which equals 0.94 and is the ratio
marked h/S on curve, page 306. The multiplier C for.this ratio
is 0.58. Therefore the sag below the lower point of support is,

0.58 x 5.30=3.07 feet
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If the sag is to be measured from the higher support, the
sag below the lower support may be obtained as above and the
difference in elevation of supports added thercto, which gives
the sag below the higher support as 3.074-5.00 which equals 8.07
feet. The difference of levels may be such that the resultant
pull is upward at the lower support; that is, the lowest point in
the span is at the support. To cover this condition, and also as
an alternative method- of solving cases like that just considered,
use may be made of the following approximate rule which is
sufficiently accurate for all ordinary situations,—‘‘The apparent
sag, or the vertical distance between a straight line joining sup-
ports and the tangent to the span, parallel thereto, equals the sag
for a normal span of the same length.’’

(f) Determination of . Amount of Sag for Va.nons Points in a
Span.

The sag curves on pages 299 to 304, inclusive, show for wires
of different sizes and materials the value of the center sag at
which these wires should be strung under normal conditions to
have the assumed factors of safety under the designated load.
donditions. At times it is desirable to know, not only the
amount of sag at the center of the span, but also the amount of
sag at some other point in the span.

This is necessary, for example, in obtaining the clearance
over other wires where the point of crossing between the cross-
ing span and the wires crossed, oceurs, not at the center of the
crossing span, but at some other point.

On page 307 2 curve is given by means of which, given the
amount of center sag, the amount of the sag at any other point
in the span can be determined. This curve gives the value of
the sag at all points on the catenary curve expressed in per cent

of the center sag. The use of this curve is shown by the follow-
ing example:

Example

Assume—A span of 300 feet—Heavy Loading District.

A center sag, determined from the sag curves, of
5.30 feet. B .

The crossing span crosses over a Class C line, on
which the top wire at the point of .this crossing
has an elevation of 25 feet. .

This point of crossing to be' 105.feet from the
nearest support of the crossing conductor, and a.
minimum vertical clearance of 6 feet is required
at the point of crossing.

Required—At what height must the crossing conductor be

supported in order that this required vertical
clearance shall be obtained ¢
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As the span length is 300 feet, and the distance from the
nearest support to the point of crossing is 105 feet, this distance
is 35 per cent of the span length. From the curve, page 307, the
value of the sag at this point is 91 per cent of the center sag.
The sag at this point, therefore, equals 5.30x0.91—=4.82 feet.

Therefore, the required elevation of the crossing conductor
at its point of support is equal to the height of the Class C wires
crossed (25 feet), plus the minimum vertical clearance required
(6 feet), plus.the sag of the conductor at the point of crossing
(4.82 feet). :
' 25 feet}-6 feet+4.82 feet—35.82 feet

(g) Charts of Conductor S8ag Curves

The following list includes charts of sags of various sizes
and kinds of copper conductors, adjustment curves for tempera-
ture changes, sag adjustment curve for supports at different

elevations, and a table of sags for communication conductors in
Grade ‘““F'’’ construction:

Chart No. Description | Page

1. Conductor Sags, Light Loading, Bare Copper,
Hard Drawn and Medium Hard Drawn._._. 299

2. Conductor Sags, Light Loading, Weatherproof
Copper Hard Drawn and Medium Hard Drawn 300

3. Conductor Sags, Heavy Loading, Bare Copper,

Hard Drawn _ el 301
4. Conductor Sags, Heavy Loading, Bare Copper,
- Medium Hard Drawn. oo oo 302
5. Conductor Sags, Heavy Loading, Weatherproof
Copper, Hard Drawn_ 303
6. Conductor Sags, Heavy Loading, Weatherproof
Copper, Medium Hard Drawn______________ 304
7. Copper, Sag Adjustment for Temperature__..__. 305
8. Sag Adjustment Factor——Supports at Different
- Elevations o 306
9.  Catenary Curve Ordinates .. . _________ 307
Table No. '
25. - Suggested Sags for Communication Conductors
in Grade ‘“‘F’’ Construetion.. ..o .. __ 308
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CHART NO. 2.
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Sags at 60° F and No Wind
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HEAVY LOADING

CHART NO. 3.

Sags at 60° F and No Wind
Bare Copper—Hard Drawn
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CHART NO. 4. HEAVY LOADING

Sags at 60° F and No Wind
Bare Copper—Medium Hard Drawn
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CHART NO. 5. HEAVY LOADING

Sags at 60° F and No Wind
Weatherproof Copper—Hard Drawn
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HEAVY LOADING

CHART NO. 6.

Sags at 60° F and No Wind
Woeatherproof Copper—Medium Hard Drawn
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S TABLE 25
STRINGING SAGS IN INCHES FOR COMMUNICATION CONDUCTORS IN GRADE F CONSTRUCTION

Light loading - Heavy loading®
leslrfz:t:llx. Temperature, degrees Fahrenheit Temperature, degrees Fahrenheit

100 - 80 80 10 20 100 80 60 10 20 0
100 7 6 4.5 4 3.5 9.5 7.5 6 S 4 3.5
120} 10.5 8.5 7 | 5.5 ) 13.5 10.5 8.5 7 5.5 4.5
140 14 11 9 7.5 6.5 18.5 14.5 11.5} - 9.5 7.5 6.5
160 18 15 12 10 8.5 21 18 15 12.5 10.5 9
180 22 18.6 15.5 13 11 26.5 23 19 15.5 13 11
200 27 23 19 16.5 ) &% 70 RPN (RRDRIIoS PRI RIS JRpI R B SR
2201 32.5 27.5 23 20 16.5 Joc oo e e e e e
240 36 '31.5 27 23.5 ] 205 | e e e
2601 42 37 - 32 - 27.5 7 S IR SO, RSN SRR PCIORNI D) DRI
280 | 49 425 | 37 | 82 | 275 | e
300 |. 56 49 42.5 | 36.5 32 SRR SEUU DRSS SRR DRPIIUR PRLIIPOIPIN FPOIOINE P SRR

* In heavy Joading districts, sags of the ﬁnn values are inadequate for the following conductors and must be increased to meet the safety factor requirements:

Hard-drawn copper, No. 132 AWG in spans greater thaa 130 feet.
Galvanited iron, EBB, No. 9 BWG in spana greater than 170 feet.
iron, EBB, No. 10 BWG in spans greater than 140 feet.

Galvanize

Galvanized iron, EBB, No. 12 and No. 14 BWG in spans of any length.

Galvanized iron, BB, No. 10 BWG in spans greater than 170 feet. -
Galvanised iron, BB, No. 12 BVG in spans greater than 115 feet,

Galvaaised iron, BB, No. 14 BWG in spans of any length.

sbog 4ojonpuo)
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Communicaiion Line Delail

APPENDIX D
TYPICAL COMMUNICATION LINE CONSTRUCTION

For a communication line carrying. from approximately 6
to 20 conductors in a Light Loading area, the following specifica-
tions adequately meet all intents and requirements of this order:

POLES

Round, wood, butt-treated, 25 feet in length, minimum top
circumference of 15 inches, and set to a minimum depth of
4.5 feet in firm soil.

CROSSARMS

33”x4}’x1(’. Attached by means of through bolts and
washers, with a 15 inch center line of pole clearance to nearest
conductors. Standard 30 inch quarter braces installed on.the
face of the crossarm with #-inch bolts and 3-inch drive screw
at the pole.

PINS
13”x8” wood pins.

INSULATORS

Pin type insulators to be of design that will engage the
thread of the pin for not less than two and one-half turns.

CONDUCTORS

Size and material dependent upon the class of cireuit
involved. Sags as specified in Appendix C, Table 25. The
average span length is 150 feet. ‘

GUYS

For guying at angles or dead ends, it is recommended that
a ‘‘Lead over Height’’ (ratio of the horizontal distance from
the face of the pole to the point of entrance of anchor rod in
the ground to the vertical height above the ground of the
attachment of said guy wire to the pole) of 1 be used. At
angles in the line where the pull of the line exceeds 4 feet,
- ie., the angle of departure exceeds 5 degrees, a guy strand
having a strength of 1900 lbs. (") or greater shall be used
with the necessary pole shims, hook bolts, ete. (See App. G,
Fig. 85)

HARDWARE

All line hardware to be galvamzed or of other corrosion
resisting material.
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local distribution lines of more than 10 wires.

modulus of rupture in bending of 5600 pounds per square inch, and the maximum number of wires ( 104 inches in diameter) shown

in the headings of the respective columns.

« .TABLE 26
REPLACEMENT GROUND LINE CIRCUMFERENCES IN INCHES OF SOUND SOLID WOOD FOR COMMUNICATION

POLES IN GRADE “F" CONSTRUCTION
This table ia suitable for poles supportmg cables; interexchange lines (toll ttunk and telegraph way wire) ; and exchange or

The cxrcumferencea given in this table are based on a safety factor of one-half, a

Load in num} 1 of wires

Length Bpan

of pole length 1-4 5-10 11-20 31-30 31-40 11-80

{feot) (feet)

L.L HL. L.L. H.L L.L. H.L L.L. - KL LL HL 1.L. HIL.

20 100 12 12 12 ) ¥: Y (R RO FSTUIPRON PR FUNUISUIPN VIS RPN I
125 | 12 12 12 ) 1 JN RN FRRUIPRIUN FURURUIOIO JPNICEPN BUNUITIPUN NURPTPIII HUSUIRIPIP PPN
150 12 12 12 ) R PO ORI, JEUNVRUPIUUN UUIPIPRES SUIPIPURIPN: SCIPIUIPN HPIPIPRERN NP
175 12 13 12 p &: T DRSO IO NSRRI NN MUIIPUIP NI SISRIPIRN U,

25 100 | 12 12 12 16 12 17 12 70 T R ISR RN U
125 12 13 12 17 12 18 12 Y7 U IR RPN SR PPN
150 | - 12 14 12 18 12 20 13 22 oo feee e
175 12 14 12 19 12 21 14 P2 S IR (RPN I PPN

_ 200 12 15 12 20 | 13 - 22 14 b7 S I FURST SUSPIPPIN NI

30 100 12 13 12 17 12 18 13 |- 21 14 | 23 14 24
125 12 14 12 18 12 20 14 23 14 25 15 26
150 12 15 12 19 13 21 14 24 15 26 16 28
175 12 15 12 20 14 22 15 25 16 27 17 29
200 12 16 21 14 23 16 26 17 28 18 30
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TABLE 27

REPLACEMENT GROUND LINE CIRCUMFERENCES IN INCHES
OF SOUND SOLID WOOD FOR COMMUNICATION POLES
IN GRADE “F" CONSTRUCTION

This table is suitable for poles supporting exchange or local distribu-
tion lines of 10 or less open wires. The circumferences given in this table
are based on a safety factor of one-half, a modulus of rupture in bending
of 5,600 pounds per square inch, and the maximum number of wires (.104
inches in diameter) shown in the headings of the respective columns,

Load in oumber of wires
Length Span
of poie, length, 14 510
(feet) (feet)
L.L. H.L. L.L. H.L.
20 100 9 11 9 15
125 9 12 9 16
150 9 12 9 17
175 9 13 9 18
25 100 9 12 -9 16
125 9 13 10 17
150 9 14 10 18
175 9 14 10 19
200 9 15 11 20
30 100 9 13 10 17
125 9 14 11 18
150 9 15 11 19
175 10 16 11 20
200 10 16 12 21
35 100 10 14 11 18
125 10 15 12 20
150 10 16 12 21
175 11 16 12 22
200 11 17 13 23

L.L.—Refers to Light Loading District, Rule 43.2.
H.L.—Refers to Heavy Loading District, Ruls 43.1.

- 312 -



